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1. Introduction

Abt Associates conducted additional literature reviews to identify, acquire and review literature in
support of the environmental assessment analyses for the post-construction rulemaking. These
additional literature reviews focused on four topics: the use of (1) fertilizers and (2) pesticides
within the Chesapeake Bay (CB) watershed and their impacts on water quality, and the extent of
stormwater runoff from (3) linear development and (4) unpaved roads and its impact on the
surface waters of the United States (US). We reviewed both for peer-reviewed and grey literature
on these topics.

For fertilizers and pesticides, we sought data and information specifically for the CB. We found
that a large portion of the existing literature on fertilizers and pesticides are related to agricultural
applications and information specifically related to the urban use of fertilizers and pesticides is
less available. We found limited information and data on the impact and extent of stormwater
runoff from linear development and unpaved roads.

2. Impact and Use of Urban Fertilizers in the CB Watershed

2.1. Impact

Fertilizers contain nitrogen (N) and phosphorus (P) which are well documented contributors
to the eutrophication, or over-enrichment, of surface waters of the US including the CB
(Fuhrer et al. 1999; Boesch et al. 2001; Law et al. 2004; Kemp et al. 2005; Fisher et al.
2006). Scientists have documented that excessive nutrients cause eutrophication which leads
to hypoxia, loss of submerged vegetation leading to increased turbidity, alterations of food
webs, and harmful algal blooms (Boesch et al. 2001). The effects of increased nutrient
loadings are also evident in tributary streams that feed the CB (Fisher et al. 2006). A
modeling study of two tributaries by Fisher et al. (2006) suggested that current N and P
inputs are 4-20 times greater than during pre-development conditions. Specific studies of the
fate and transport of nutrients have also been conducted (Lindsey et al. 2003; Ator et al.
2004).While the impact of excessive nutrient loadings in the CB is well studied and
documented, most studies do not quantify the contribution of nutrients from various point
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and nonpoint sources and/or focus on agricultural sources when providing recommendations
for nutrient reductions. For example, the fate and transport studies by Ator et al. (2004) and
Lindsey et al. (2003) were conducted on the Delaware-Maryland-Virginia Peninsula which
has a predominantly agricultural land use (48% agriculture, 7% urban). Boesch et al. (2001)
focused exclusively on recommendations for reducing nutrient loads from agricultural land
uses but lists “horticultural fertilization” as one of several impacts from sprawling suburban
development which is discussed under the heading of emerging issues. Boesch et al. (2001)
point out that nutrient loading reductions must come agricultural sources which are the
largest contributors but to maintain reduced loading levels, loadings from new development
will have to be limited.

Two references specifically estimated the percent nutrient contribution by various sources to
the CB. Megnien et al. (1995, as cited in Boesch, 2001) estimated that urban and suburban
lands contributed 9 percent of N and 8 percent of P loadings to the CB. More recently, based
on the CB Watershed Model (CBWM), runoff from developed land (urban and suburban)
was estimated to contribute approximately 11% of the total nitrogen and 31% of the total
phosphorus loading to the CB in 2008 (Chesapeake Bay Program Office (CBPO) 2009). In
addition, despite significant efforts to reduce nutrient loadings throughout the CB watershed,
developed lands and septic systems were the only source categories that increased from 1985
to 2008 while all others decreased (CBPO 2009).Therefore, while no studies were located
that directly quantified the contribution of urban fertilizer use and documented its impact on
the CB, data and documentation does exist that provide a link between urban fertilizer use
and the impaired state of the CB.

In addition, there is indirect evidence that the impact of urban fertilizers on the CB’s water
quality is widely accepted. For example, there are several initiatives targeted at reducing
nutrient inputs from lawns such as the “Save the Crabcakes” campaign that included
brochures, educational media programs, and slogans (Chesapeake Bay Social Marketing
Initiative 2005).There are also regulatory measures to limit fertilizer use on lawns such as
the City of Annapolis’ 2009 ordinance limiting the use and sale of fertilizers. This ordinance
was superseded by Maryland (MD) state regulations that same year and restricted the use
and sale of fertilizer to low-phosphorus fertilizer (Maryland Annotated Code (MDAC)
2009). The MDAC also specified that fertilizer manufacturers are required to reduce the
amount of available phosphoric acid resulting from application of their products to 50% of
2006 levels. Manufacturers that did not sell or distribute fertilizer prior to April 1, 2010 may
not exceed an average of 1.5% available phosphoric acid in their products. In addition, all
manufacturers are required to report the total pounds of phosphorus sold within MD (MDAC
2009).

Two papers reporting results from surveys on urban fertilizer use also made statements
attributing partial responsibility for the impairment of the CB to urban fertilizers (Law et al.
2004; Swann, 1999). In a survey of lawn fertilizer application rates, Law et al. (2004) stated
that ongoing residential fertilizer practices, coupled with historic pollution, contribute to the
non-point source pollution in the CB. Similarly, in a survey to determine the effectiveness of
nutrient educational programs, Swann (1999) acknowledged that improper lawn care
practices including fertilizer application are partly responsible for nutrient inputs to the CB.
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2.2. Application rates and usage

According to the USGS, the Chesapeake Bay watershed is one of the most populous coastal
estuaries in the United States (Claggelt 2007). Between 1990 and 2000, population in the
Bay watershed increased by 8% while impervious cover increased by approximately 40%
(Claggelt 2007). Therefore, the rate of increase in urban land area is significantly out-pacing
population growth. Turf grass associated with urban development (e.g., residential laws and
recreational areas where grass is cultivated and maintained) constitutes approximately 9.4
percent of the land area in the CB (Schueler 2010). Increase in urban land and the associated
turf grass is reflected in the steady increase of non-farm fertilizer use in Maryland from 13%
of total fertilizer use in 1990, to 37% in 1999, and 45% in 2001 (Montgomery County 2003).
In the District of Columbia primary metropolitan statistical area, lawn fertilizers contribute
approximately 4.7 million pounds of N and 560,000 lbs of P to the CB each year (CBSMI
2005).

The University of Maryland Cooperative Extension provides recommendations for lawn care
which includes annual fertilizer application rates that vary depending on the type of
vegetation and plant maturity (Gill et al. 2001). An application rate of 1 lb N/1,000 square
feet per year (sq ft/yr) for laws and 0 to 4 lb N/1,000 sq ft/yr for plants depending on their
maturity (Gill et al. 2001; Ricigliano 2004). Actual fertilizer application rates are affected by
the level of turf maintenance desired by the owner, whether application is done by the owner
or a landscaping company, and the type of lawn (e.g., golf course, residential lawn). Wible
(2010, as cited in USEPA 2010b) estimates an annual rate of 1 to 2 lbs N/1,000 sq ft for low-
input turf and 3 to 5 lbs N/1,000 sq ft for high-input turf. More specific application rates
were estimated by Schueler and Holland (2000 as cited in USEPA 2010b) and are detailed in
the Table 1 below.

Table 1. Fertilizer application rates (lbs/1000 sq ft/yr) in Maryland (Schueler and
Holland 2000 as cited in EPA 2010)

Chemical
Golf

Fairway Greens
Home Lawn

(do-it-yourself)
Home Lawn

(lawn care services)
N 3.5 4.9 1.0-6.0 4.5-5.9
P 2.0 1.0 0.4 no data

Based on a survey conducted in two watersheds in Baltimore County, MD, Law et al (2004)
found that nitrogen inputs varied spatially, based on socioeconomic factors and soil
characteristics, and temporally, depending on the season. The authors found that there is a
statistically significant relationship between higher application rates and more recently
developed homes. They hypothesized that newer construction results in poor soil quality and
consequently lawns require higher fertilizer application rates. The authors also estimated that
lawn fertilizer application accounts for 53% of the total nitrogen input to the Glyndon
watershed. They estimated a mean fertilizer application rate of 1.99 lbs N/ 1,000 sq ft/yr
with a standard deviation of 1.81 lbs N/ 1,000 sq ft/yr. A summary of turf application rates
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from 12 other studies around the US was included in this study. With the exception of one
outlier study1, estimates ranged from 0.49 to 11.06 lbs N/1,000 sq ft/yr.

Approximately 70% of the total turf area in the CB watershed is residential lawns with half
of these lawns maintained as high-input turf (Schueler 2010). Public turf (e.g. parks, median
strips, golf courses, cemeteries) accounts for the remaining fraction with one-third
maintained as high-input turf. Using these estimates, the EPA (2010a) calculated that the
total N applied to turf areas in the watershed is approximately 389 million lbs N/yr. Schueler
(2010) estimated the nitrogen fertilization rate of turf areas at 215 million lbs N/yr in the CB
watershed.

For the conterminous US, Ruddy et al (2006) estimated that non-farm fertilizer use in 1997
accounted for 537 million lbs of N and 88 million lbs of P. Furthermore, a survey found that
35% of US households over-fertilize their lawns (Swann 1999).

2.3. Data sources

The Maryland Department of Agriculture (MDA) published a registry of fertilizer
manufacturers, their products, and the N, P, and potassium percentages for each product but
without specifics about whether the application of these fertilizers are in agricultural or
urban setting (MDA 2010). We requested and are waiting for Maryland’s Annual Fertilizer
Tonnage Reports from the MDA which includes statistics on total agricultural and non-farm
use trends between 1990 and 2004 (Montgomery County 2003). The US Geological Survey
developed county-level estimates of non-farm fertilizer use expressed as N and P inputs for
1987 through 2001 (Ruddy 2006). From this data they developed a relationship between
population density and non-farm fertilizer sales for 1992.

The CBWM includes estimates of the rate of N and P loadings from pervious urban land use
to the CB expressed in pounds per acre per year (lb/ac/yr). These values were based on total
urban fertilizer sales with the CB watershed (Claggelt 2010) but the year of this data is not
known. The loadings are provided both as “edge-of-stream” and as “delivered” to the CB
incorporating attenuation factors. This data was used in the model and values are available
for monthly estimates of nitrogen and phosphorus fertilizer loads to urban pervious areas.
These values are provided by land use type, including high and low intensity developed
pervious surfaces, for the years 1985, 1987, 1992, 1997, 2002 and 2005 (USEPA 2010a).
The CBWM also includes estimates of best management practice (BMP) implementation
levels in 2008 and the number of acres of urban land that remains untreated by BMPs.
Therefore, the CBWM may be the most comprehensive and consistent source of data for
analyzing the effects of stormwater BMPs on reducing nutrient inputs from urban fertilizer
use. Depending on the type of analysis that may be conducted for the stormwater
rulemaking, it may be important determine the year of the fertilizer use data used in the
CBWM and potentially update the data.

1 The outlier estimated a range of 0 to 40.65 lbs N/1,000 sq ft/yr.
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3. Impact and Use of Urban Pesticides in the Chesapeake Bay Watershed

3.1. Impact

Pesticides are synthetic organic chemicals used to control weeds, insects, fungi, and other pests in
agricultural, commercial, industrial, transportation, public-health, and other applications (Denver
and Ator 2007). The impact of pesticides on human and ecosystem health have been documented
in the US as well as the CB (Ferrari et al. 1997; Fuhrer et al. 1999; MPN 2009). Exposure to
individual pesticides has been studied and linked to numerous adverse health outcomes as
summarized in Table 2 based on a literature review by the MPN (2009).

Table 2. Possible Human and Ecosystem Health Effects Associated with Pesticide Use (as
cited in MPN 2009)

Health Effects Study
Human
Glyphosate exposure can double the risk of
developing non-Hodgkin lymphoma

Eriksson et al. 1998

Seven-fold increase of risk of childhood leukemia
associated with household and garden pesticide use

Lowengart et al 1987

Increased rates of childhood leukemia, brain cancer
and soft-tissue sarcoma linked to household
pesticide use

Leiss et al. 1995; Gold et al. 1979;
Lowengart et al. 1995; Reeves 1982;
Davis et al. 1993; Buckley et al.1994

Carcinogenic implications of pesticides Zahm, Hoar and Ward, 1998
Obesity and Type 2 diabetes Lassiter et al. 2008
Increased risk of Parkinson's Disease, sometimes as
much as 70%

Chou et al. 2009, Ascherio et al. 2006

Immune system Porter et al. 1999

Endocrine system including birth defects including
altered genitalia, language and mathematically
skills, and other subtle biological responses; induce
abortions and resorption of fetuses

Porter et al. 1999, Cavieres et al. 2002,
Hayes et al. 2006

Proximity of mother to pesticide-treated fields
during pregnancy increases risk of childhood
autism by 6-fold

Roberts et al. 2007

Cardiovascular and reproductive system disorders;
eye, liver, kidney or spleen; anemia; increased risk
of cancer; blood-related problems

US EPA 2003a

Aquatic
Renal and olfactory system damage, endocrine
disruption, behavioral function disorders related to
survival and reproduction

Moore and Waring 1998, Moore and
Lower 2001

Alteration to microbial community structure,
reduced populations

Perez et al 2007, Thom et al 2003

Increased sensitivity to select pesticides after long-
term exposure

Pennington and Scott 2001

Endocrine disruptors received attention in 2006 with the discovery of male fish bearing immature
oocytes in the Potomac River (MPN 2009). In 2009, EPA announced an initiative to evaluate 67
pesticides as potential endocrine disruptors (MPN 2009). Although the toxic effects of pesticides
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have been demonstrated at low levels (Odenkirchen and Eisler 1988; Cebrian et al. 1992;
Fernandez-Casalderry et al. 1992 as cited in Liu et al. 2001, MPN 2009), there are several
considerations that may amplify their toxicity. For example, there are limited research and data on
the effects of chronic, long-term exposure, the additive and synergistic effects of exposure to
multiple pesticides, and exposure to degradation by-products (Gilliom 2006, Ferrari et al. 1997;
Denver and Ator 2007; MPN 2009). In addition, because they are persistent compounds, they
bioaccumulate through the food chain and adverse effects magnify (MPN 2009). Degradation
products of pesticides are often found in greater concentrations than the parent compound yet
they are often not tested for nor regulated (Denver and Ator 2007; MPN 2009). Depending on the
characteristics of the pesticide (e.g., mobility, degradation pathways) and the water (e.g., pH,
salinity, metals concentration), pesticides can persist in groundwater systems for decades and
surface waters for months (Liu et al. 2001; Denver and Ator 2007). The rate of degradation can
be highly variable as demonstrated in a study on the hydrolosis of chlorpyrifos, an
organophosphorus insecticide, in which rates of degradation varied from 24 to 126 days between
the Patuxent and Susquehanna Rivers, respectively (Liu et al. 2001).

3.2. Application Rates and Usage

Pesticides have been detected throughout the waters of the CB and its tributaries (Gilliom et al.
2006; Foster and Lippa 1996; Lehotay et al. 1998; Liu et al. 2002 as cited in MPN 2009), and in
its wildlife (Zappia 1996 and Ator 2008 as cited in MPN 2009). Water quality data on pesticides
are available for portions of the CB watershed such as the Delmarva Peninsula and the Lower
Susquehanna, Potomac and Delware River watersheds which were part of the National Water
Quality Assessment (NAWQA) program (USGS 2010). With respect to urban pesticides,
researchers for the NAWQA program found that insecticides such as diazinon, carbaryl and
chlorphyrifos and the herbicide prometon are more common in urban streams of the Susquehanna
River Basin and the Delmarva Peninsula (Denver and Ator 2007). In addition, following a
phaseout of diazinon, concentrations of this insecticide decreased by 39% between 1998 and 2004
in an urban stream near Washington, D.C. (Phillips et al. 2007).

Schueler (2001) estimated pesticide application rates on turf in the CB watershed at six pounds
per acre per year (lb/ac/yr)2. Schueler (2000 as cited in EPA 2010) estimated pesticide application
rates on home lawns at 7.5 lb/ac/yr and on golf courses between 37.3 and 45.1 lb/ac/yr. MPN
(2009) used national statistics of per capita pesticide use to estimate an annual home and garden
use of approximately 6.5 million pounds of pesticide in the CB watershed.

There are significant initiatives in the CB to regulate the use, sale, storage and disposal of non-
agricultural use of pesticides, especially in Maryland (Brown et al. 2000). Under the Maryland
Pesticide Applicators Law, issued by the MDA, licenses are required for any business providing
pest control services, consultations or investigations, any public agency whose employees apply
pesticides, or any farmer or nurseryman that intends to use pesticides for the purposes of
agricultural production (Brown et al. 2000).These entities are also required to maintain records
with details such as the type of pest, acreage sprayed, and the name, concentration, and total
amount of pesticide applied. The law also stipulates that public schools must develop and
implement an Integrated Pest Management (IPM) system that is approved by the MDA. IPM
programs must provide notification of each pesticide used on the school grounds, a 24-hour

2 We are waiting for the full reference from T. Schueler for details on how this value was estimated.
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warning before pesticides are applied, and information on the location of the pesticide application
(Brown et al. 2000). As an additional resource, the MDA also maintains a searchable database
that provides information on the pesticide name, active ingredient, licensed applicators, licensed
dealers, manufacturers, pest name and application location; however, this covers all types of land
use applications.

In Harrisburg, Pennsylvania, a pilot-project was conducted to reduce the purchase and use of
pesticides using public education programs such as radio and television announcements, training
sessions for retail employees, and informational postcards (McKenzie-Mohr & Associates 2007).
A short-term decrease of 25-50% in pesticide sales was observed (McKenzie-Mohr & Associates
2007).

At the national-level, approximately 20 percent of pesticide use is not agricultural (MPN 2009).
These uses include household use (e.g., weed and insect killers, soaps, cleaners) and runoff from
turf areas such as lawns, gardens, golf courses, rights-of-way and landscaping (MPN 2009,
NOAA 2005 as cited in MPN 2009). The spatial and temporal distribution of pesticides follows
its pattern of use as it is detected in predominantly agricultural and urban land uses with low
concentrations year-round and highest concentrations during active application in spring and fall
(Ferrari et al. 1997). Variations in concentrations can range by more than four orders of
magnitude (Ferrari et al. 1997). Urban land uses tend to have highest concentrations of
insecticides in comparison to agricultural land uses which have highest concentrations of
herbicides (Ferrari et al. 1997). The types of pesticides used overlap by 20 percent between the
top 50 agricultural and the top 50 urban pesticides (Larson et al. 1997 as cited in Ferrari et al
1997) but these trends may be changing. For example, metolachor was historically used primarily
in agriculture; however, lawn, turf, rights-of-way, and landscaping application of metolachlor is
now common (USEPA 1995 as cited in Debrewer et al. 2005).

National statistics of total pesticide industry sales and usage, coupled with US Census data, have
been utilized to approximate household use of pesticides and total amount of active ingredient
used in various sectors of industry (Kiely et al. 2004). These data are available and may be useful
in scaling estimates of pesticide use to the CB watershed.

4. Impact and Extent of Stormwater Runoff from Linear Development
on the Surface Waters of the US

4.1. Impact

“Linear development” is most often used to refer to the construction of roadways and rights-of-
way. Rights-of-way (ROWs) include land for gas and water pipelines, sewage and stormwater
pipes, and electric, telephone and other transmission lines. In the literature search, we focused on
the impacts of ROW-related development. We searched over 40 different terms or combinations
of terms but did not find studies specifically documenting the impact of stormwater runoff from
ROWs; however, we did find environmental impact statements (EIS) that include the
consideration of the impact of proposed linear developments such as transmission lines on the
environment including water resources. The Public Service Commission (PSC) of Wisconsin
(PSC 2009) provides guidance on assessing and mitigating impacts from the construction of
electric transmission lines and facilities; however, the guidance is general and focused on
mitigating impacts with respect to crossing waterways. We reviewed three EISs related to
transmission lines; and while they all included consideration of short and long-term impacts to
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surface waters, none made reference to quantitative analyses (Tennessee Valley Authority 2005;
State of California Public Utilities Commission 2006; Bureau of Land Management 2010). In
EISs concerning larger development, linear development received exemptions in the Highland
development in New Jersey where all new major Highlands development is prohibited within a
Highlands open water and its adjacent 300-foot buffer except for linear development, which is
permitted provided that there is no feasible alternative for the linear development outside the
Highlands open water or Highlands open water buffer (NJSA 2005).

More information is available specific to oil and gas line construction due to the regulatory
challenges since the passage of the 1987 Water Quality Act (WQA) (section 402(p) of the Clean
Water Act) (USEPA 2006).The WQA exempted oil and gas industry from a NPDES permit for
uncontaminated discharges; however, EPA did not interpret stormwater runoff to be exempt.
Before the Phase II regulations regarding stormwater went into effect, the regulation was
challenged by the oil and gas industry based on the economic burden of compliance and EPA
deferred the requirements until 2006 for this industry. Before EPA proposed an action, the Energy
Policy Act of 2005 defined the exemption of the oil and gas industry as encompassing all
activities, thereby entirely exempting the industry (USEPA, 2006).

The EPA has since funded a study to investigate the surface water impacts of gas well sites
(Banks and Wachal 2007). However, the study focused on three gas well sites where pad
construction and drilling were occurring which are activities comparable to activities regulated
under active construction stormwater regulations rather than post-construction stormwater
regulations3.

4.2. Extent of Linear Development in the US

There were approximately 1.69 million miles of oil and gas pipelines in the US in 2007 which
was an increase of 12 percent from 1997 (BTS 2010). According to the American Road and
Transportation Builders Association (ARTBA) (2010) there are almost 140,000 miles of railroad
track (see Table 3 for breakdown by type of railroad).

Table 3. Miles of Railroad Track
Type of Railroad Miles
Class 1 freight railroads 95,664
Regional freight railroads 15,388
Local freight railroads 28,197
Total 139,249

Amtrak operates 23,000 miles of passenger rail service in the U.S., much of it over track owned
by the freight railroads (ARTBA 2010). Beyond these statistics, no additional data were located
on the extent of non-roadway related, linear development in the US.

3 The study found significant impacts from sediment loadings as well as high concentrations of other
pollutants in gas well site runoff including total dissolved solids, metals, hardness, alkalinity, and others.
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5. Impact and Extent of Stormwater Runoff from Unpaved Roads on
Surface Waters of the U.S.

5.1. Impact

The impacts of stormwater runoff specifically from non-forestry related unpaved road surfaces
are not well documented. The majority of studies are focused exclusively on forestry related
roads (Elliot et al. 1997; Rhee et al. 2004). However, impacts and best management practices
(BMPs) described in these studies may be transferrable to unpaved roads in rural or low-density
urban settings4. In addition, some forestry-related roads may be transferred for recreational or
other uses (Welsh 20085). Unpaved roads have compacted soils which lead to decreased
infiltration rates and greater runoff as well as bare soils which lead to high sediment loads in
runoff. These factors can lead to the ecological impairment of aquatic biota (Elliot et al. 1998,
Rhee et al. 2004, Welsh 2008), alterations in channel and reservoir hydrology (Elliot et al. 1998),
drinking water contamination (Massachusetts Department of Environmental Protection (MA
DEP) 2001), and excessive nutrient inputs (MA DEP 2001, Scheetz and Bloser 2009). Changes in
channel substrate and morphology, and increased turbidity associated with unpaved road erosion
have been documented to impair salmonid spawning and feeding habitats (Elliot et al. 1998, Coe
2006). Furthermore, sediment from unpaved road runoff can alter the peak discharges of basins
and compromise the integrity of reservoirs and bridges (Elliot et al. 1998).

While direct evidence of non-forestry related, unpaved roads are not found in the literature,
indirect evidence and acceptance of the impact of rural and suburban unpaved roads are seen in
state manuals of stormwater management BMPs (MA DEP 2001, Pennsylvania Department of
Environmental Protection (PA DEP) 2005). While these manuals specify management practices,
they provide limited background on the impact of dirt roads and justification for requiring BMPs.
For example, the MA DEP (2001) summarizes in four sentences and without references that
unpaved roads “by the nature of their topography and design can, if not properly managed,
contribute heavily to water quality problems.” In Pennsylvania (PA), The PA Conservation
District’s Dirt & Gravel Road Pollution Prevention Program was formed in 1997 to “fund
environmentally sound maintenance of unpaved roadways that have been identified as sources of
dust and sediment pollution (PA DEP 2005).” The PA DEP (2005) also refers to the analysis of
data from over 17,000 miles of unpaved roads that resulted in over 11,000 verified pollution sites.
While runoff from unpaved roads is not the major source of pollution in streams in PA, the close
proximity of rural roads to high quality streams is common, and these roads often run parallel to
streams and discharge directly into them (PA DEP 2005).

5.2. Extent of Unpaved Roads and Rates of Sedimentation in Selected
Studies

The US Department of Transportation Federal Highway Administration (FHA) (2004) estimates
that the 1.3 million miles of unpaved local roads constitute 34.9% of the total mileage of US
roads in 2003. Skorseth and Selim (2000) cite an estimate of 1.6 million miles of unpaved roads,
accounting for 53% of all roads in the U.S. According to the FHA (2004), annual data suggest

4 For example, Elliot et al. (1998) found that runoff decreased by 83% and sediment yields decreased by
81% when a 60 meter (m) long, 4 m wide dirt road in Idaho was covered with gravel.
5 The author makes note that these roads were previously used for mining, and timber harvesting and
grazing, but currently are only used for recreation and development.
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that the total mileage of unpaved roads has slowly been decreasing since 1960. One estimate for
the rate of erosion from unpaved roads was given by Coe (2006) who calculated that ungraded,
unpaved public roads contribute an annual average of 0.07 pounds of sediment per square feet in
the Sierra Nevada6.

The Center for Dirt and Gravel Road Studies at Pennsylvania State University (the Center) has
conducted research and outreach programs to better understand unpaved road runoff to the CB
(Scheetz and Bloser 2008). In a report for the Chesapeake Bay Commission, the Center quantified
sediment reductions from five environmentally sensitive maintenance practices (ESMPs) on
unpaved public and private roads draining forested, pasture, and low-residential lands (Scheetz
and Bloser 2008). The ESMPs included adding a driving surface aggregate, raising the profile of
the road, grade breaks, additional drainage outlets, and berm removal. Of the five practices, the
addition of driving surface aggregate was the most effective at reducing long-term sediment
generation (90% over one year) and preserved flow pathways (Scheetz and Bloser, 2008).
Average erosion rates calculated from simulated rainfall events for all five roads before the
implementation of ESMPs was 5.6 lbs per 100 feet of road (Scheetz and Bloser, 2008).
Considering 20,000 miles of unpaved roads in PA7 with approximately 11,400 miles lying within
the CB, the average storm event releases approximately 1,685 tons of sediment to the CB
(Scheetz and Bloser 2008). In addition to their research, the Center advocates the use of ESMPs
through outreach programs including landowner interactions, classroom trainings and project
brochures (Scheetz and Bloser 2008).

6 Note that Coe (2006) focused mainly on forestry-related roads.
7 Local Municipalities and state agencies have jurisdiction of over 90% of dirt and gravel roads in
Pennsylvania (PA DEP 2005)
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